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Specification 

1. Name of this Invention 

PROCESS FOR THE PREPARATION OF 3-VINYLCEPHEM COMPOUND 

2. Claims 

[11 Process for the preparation of 3-vinylcephem compound 
comprising a step of processing a protected 3-vinylcephem derivative 
expressed as the formula (1) in the presence of perhalogenated acid 
and organic proton acid in an organic solvent to obtain a 3- 
vinylcephem compound expressed as the formula (2): 



(In the formula, R l , R 2 , and R 3 denote aryl methyl groups that may 
contain a hydrogen atom or substitution group. However, R 1 , R 2 , and 
R 3 do not simultaneously denote hydrogen atoms.) 



* Number in the margin indicates pagination in the foreign text. 
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[2] Process for the preparation of 3-vinylcephem compound 
according to the Claim 1, wherein the preparation uses organic proton 
acid for an amount necessary for bonding hydrogen in the 3- 
vinylcephem derivative and a small amount of perhalogenated acid. 

[3) Process for the preparation of 3-vinylcephem compound 
according to the Claim 1, wherein the amount of organic proton acid 
is 1 - 20 times mol equivalent to the compound expressed as the 
formula (1) and the amount of perhalogenated acid is 0.1 - 5 times 
mol equivalent of the amount of compound expressed as the formula 
(1). 

[4] Process for the preparation of 3-Vinylcephem compound 
according to the Claim 1, wherein the organic proton acid is a 
material of pKa =3-5. 

[5] Process for the preparation of 3-vinylcephem compound 
according to the Claim 4 , wherein said organic proton acid is /ll 
formalin acid, acetic acid, chloro acetic acid, propionic acid, 2- 
ethyl hexane acid, benzoic acid, or toluic acid. 

[6] Process for the preparation of 3-vinylcephem compound 
according to the Claim 1, wherein said perhalogenated acid is 
perchloric acid, per iodine acid, or perboric acid. 

[7] Process for the preparation of 3-vinylcephem compound 
according to the Claim 1, wherein said aryl methyl group that may 
contain a substitution group is benzyl group, diphenyl group, trityl 
group, anicyl methyl group, or naphthyl methyl group that may contain 
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a substitution group. 

[8] Process for the preparation of 3-vinylcephem compound 
according to the Claim 7 , wherein said substitution group is hydroxy 
group, low class alkyl group having 1-4 carbons, low class alkoxy 
group having 1-4 carbons. 

[9] Process for the preparation of 3-vinylcephem compound 
according to the Claim 7, wherein said aryl methyl group that may 
contain a substitution group is a benzyl group, p-methoxy benzyl 
group, diphenyl methyl group, trityl group, 3, 4, 5-trimethoxy benzyl 
group, 3, 5-dimethoxy-4-hydroxybenzyl group, 2, 4, 6-trimethyl benzyl 
group, ditryl methyl group, anicyl methyl group, or naphthyl methyl 
group. 

Detailed explanation of this invention 
[Field of the Invention] 

- The present invention relates to a production method of 
cephedinyl compound widely used as an oral antibiotic medicine. 
[Prior Art] 

Cephedinyl compound commonly has a structure of protecting at 
least one of materials comprising amino group, oxime hydroxide group, 
and carboxyl group. Those materials de-protected at the final phase 
and guided to form (6R,7R)-3-vinyl-8-oxo-7{3-[ (Z)-2- (2-amino-4- 
thiazoryl) -2~hydorxy iminoacetamide]-l-aza-5-thiabicyclo [4,2, 0] 
oxtane-2-carboxylic acid (cephedinyl) . However, the available 
methods are not satisfactory for creating a de-protection reaction to 



those compounds for preparing a cephedinyl compound having various 
function groups in its molecule. For example, in Pat. No- 1-49273, 
the compound expressed as the formula (1) satisfying R^R^H and 
R 3 =CHPh 2 receives de-protection reaction in anisole/acetic acid using 
tetrafluoroboric acetylate. The problem with this method is its low 
reaction yield (35%) , and also, a large amount of dangerous tetra 
fluoro boron compound must be used. Therefore, this method is not 
industrially favorable. Also, Pat. No. 62-294687 applied a de- 
protection method widely utilized for de-protecting cephem type 
antibiotic substance (i.e., removing protection using trifluoro 
acetic acid in the presence of anisole) . The drawback of this method 
is that a large amount of trifluoro acetic acid, which is a material 
not suited for industrial use as it is evaporative, difficult to 
process, and expensive. Moreover, the reaction yield of this method 
is low (28%). Therefore, this technique is not practical for 
industrial use. 

Although not being introduced as a cephedinyl synthesis method, 
a technique using 99% formic acid as a solvent [Chem Pharm Bull., 30, 
4545 (1982)), a method causing reaction with aluminum chloride in the 
presence of anisole [Tetrahedron Lett*, 2793 (1978)], and a method 
using phenol materials [J. Org, Chem, 56, 3633 (1991)] are available 
as de-protecting carboxylic protection groups. However, those 
techniques have the following problems: With the method using formic 
acid, an excessive amount of expensive 99% formic acid must be used 
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as a reaction solvent, and also, p-lactam derivative, which is 
unstable when exposed to acid, is decomposed during the collection 
and recycling processes to reduce the produced carboxylic compound 
yields. Also, the method that uses aluminum chloride in the presence 
of anisole cannot be applied for composing cephedinyl due to the 
strong acidity of aluminum chloride. In addition, the method using a 
phenol material cannot provide a high yield reaction to synthesize 
cephedinyl being unstable under strong acid condition, for the same 
reason of the method using a large amount of formic acid or trifluoro 
acetic acid. Also, the final cephedinyl in those reactions causes 
the oxime group to form a hydroxyl group, thereby progressing the 
isomerization of cyn/anti with a large amount of proton acid or 
strong Lews acid to increase the inappropriate impure substance. 
Therefore, those de-protection methods are industrially not usable. 

For those reasons, the de-protection reaction by employing a 
regular acid hydrolysis to the (J-lactam derivative results in 
significantly difficult selective and high yield production of object 
cephedinyl compound. Therefore, a new inexpensive, efficient and 
industrially applicable de-protection method is needed by the 
industry. 

[Object of this Invention] 

The object of the present invention is to provide a new 
technique that can efficiently produce 3-vinyl cephem compound 
expressed as the formula (2) from protected 3 -vinyl -cephem derivative 
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expressed as the formula (1) without using an expensive test 
chemical * 

To achieve the object as described above, this invention 
provides the process for preparing 3-vinylcephem compound comprising 
a step of processing a protected 3-vinylcephem derivative expressed 
as the formula (1) in the presence of perhalogenated acid and organic 
proton acid in an organic solvent to obtain a 3-vinylcephem compound 
expressed as the formula (2) : 



(In the formula, R 1 , R 2 , and R 3 denote aryl methyl groups that may 
contain a hydrogen atom or substitution group; However, R 1 , R 2 * and 
R 3 do not simultaneously denote hydrogen atoms.) 



With the method of this invention, in order to provide the 
efficient de-protection reaction of cephedinyl compound which is 
unstable to acid, weak organic proton acid is bonded to amide group 



and amino group in the raw material skeleton with hydrogen in the 
presence of an organic solvent, and only the necessary amount of 
strong perhalogenation acid is used, thus allowing stable synthesis 
of cephedinyl compound at a high yield. Since this reaction, which 
limits the amount of strong perhalogenated acid contributing to the 
reaction, to its minimum amount, cephedinyl compound can stably exist 
in the reaction system. Also, as the method does not require a large 
amount of acid, the post processing can be configured as a simple 
single separation process by extracting the product with an amount of 
basic group according to the amount of acid quantity from the organic 
solvent. Therefore, the method can be industrially simple and 
inexpensive. 

The aryl methyl group that may contain the substitution group 
expressed as R 1 , R 2 , or R 3 are benzyl group, diphenyl methyl group, 
trityl group, anicyl methyl group; and naphthyl methylol group that 
may contain a substitution group. Examples of substitution group 
that may be substituted are a low class alkyl group having 1-4 
carbons, such as hydroxy group, methyl, ethyl, tert-butyl, or the 
like and low class alkoxy group having 1-4 carbons, such as methoxy 
or ethoxy. The diphenyl methyl group includes the type having its 
substituted or non-substituted phenyl group bonded in the molecule 
via the methylene chain or hetero atom. Practical examples are 
benzyl group, p-methoxy benzyl group, diphenyl methyl group, trityl 
group, 3,4,5-trimethoxy benzyl group, 3, 5-dimethoxy-4-hydroxy benzyl 
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group, 2,4,6-trimethyl benzyl group, ditryl methyl group, or the 
like. 

The organic proton acid used in this invention is preferably the 
material of pKa « 3 - 5. . Examples are substituted or non-substituted 
low class alkyl carboxylic acid, such as formic acid, acetic acid, 
chloro acetic acid, propionic acid, or 2-ethyl hexane acid, and 
substituted or non-substituted aromatic carboxylic acid, such as 
benzoic acid or tolyl acid* 

The amount of organic proton acid should be usually 1-20 time 
mol equivalent quantity, preferably 2.5-10 times mol equivalent 
quantity, and most preferably 3-5 times mol equivalent quantity per 
the amount of compound expressed as the formula (1). 

Examples of perhalogenated acid are perchloric acid, periodine 
acid, and perboric acid. The amount is the regular catalysis amount, 
wherein the amount of 0.1 - 5 mol equivalent quantity to the compound 
expressed as the formula (1) is usually preferred. 

Although the 60% concentration product available on the shelf 
can be used as the perhalogenated acid, it may be diluted to 10 - 50% 
with the reaction system. 

Examples of organic solvent that can be used in this invention 
are low class alkyl ester materials of low class carboxylic acid, 
such as formic acid methyl, formic acid ethyl, formic acid propyl, 
formic acid butyl, acetic acid methyl, acetic acid ethyl, acetic acid 
propyl, acetic acid butyl, propionic acid methyl, or propionic acid /5 
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ethyl; ketone materials, such as acetone, methyl ethyl ketone, methyl 
propyl ketone, methyl butyl ketone, methyl isobutyl ketone, and 
diethyl ketone; nitryl materials, such as acetonitrile, 
propionitrile, butylonitrile, isobutylonitrile, baleronitrile, etc.; 
substituted or non-substituted aromatic hydrocarbon materials, such 
as benzene, toluene, xylene, chlorobenzene, or anisole; halogenated 
hydrocarbons , such as dichloro methane, chloroform, dichloro ethane, 
trichloro ethane, dibromo ethane, propylene di chloride, tetrachloride 
carbon, etc.; and cyclo alkan materials, such as cyclopentane, 
cyclohexane, cycloheptane, cyclo octane, etc. Particularly preferred 
solvents are benzene, toluene, xylene, dichloromethane, chloroform, 
and dichloroe thane. Those materials may be used alone or combined. 
In addition, water may be included in those organic solvents if 
necessary. The amount of those solvents should be usually approx. 2 
- 200 L per 1 Kg of the'tompound expressed as the formula (1), 
preferably 2 - 200 L, and more preferably 3 - 100 L. The reaction is 
performed at - 20 - 100°C, preferably 0 - 50°C. 

The compound expressed as formula (2) can be produced as almost 
pure substance by performing a regular extraction or crystallization 
process. Also, it may be refined by any other applicable method. 
[Most Preferred Operation of this Invention] 

Hereinafter, the operational examples of this invention will be 
discussed. Note that this invention is not limited to the examples. 
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Operational example 1: 

1 g of compound (la) expressed as the formula (1) with 
R 1= =hydrogen atom, R 2 =trityl group, and R 3 = hydrogen atom was 
dissolved in 10 ml of methylene chloride, to which 0.18 ml of 98% 
(w/w) formic acid (3 equivalent quantity) and 0.16 ml (1.6 equivalent 
quantity) of 60% (w/w) perchloric acid were added and reacted at 30 °C 
for 1 hour. 7 ml of saturated sodium bicarbonate solution was added 
to extract the object substance. Then, 2-regulated hydrochloric acid 
was added to the obtained aqueous layer to adjust the pH to 3.0 and 
cooled to 0 - 3°C. One hour later, the deposited crystal was treated 
with absorption-filtration and reduced pressure drying. As a result, 
0.59 g (yield = 95%) of cephedinyl compound (object material) 
expressed as the formula (2) were obtained. 

1H NMR (DMSO-d«), 3.32 (s, 1H) , 3.53 (d, J=18Hz, 1H) , 3.81 (d, 
J=18 Hz, 1H), 5.16 (d, J-4.8 Hz, 1H) , 5.29 (d, J-11.7 Hz, IB) , 5.56 
(d, J=17.1 Hz, 1H), 5.76 (dd, J=4.8, 8.1 Hz, 1H) , 6.64 (s, 1H) , 6.89 
(dd, J=11.7, 17.1 Hz, 1H), 7.11 (s,2H), 9.47 (d, J=8.1 Hz, 1H) , 11.3 
(s, 1H). 

Operational example 2: 

The same reaction as explained in the Operational example 1 was 
performed using 2-dimethyl acetamide positioned crystal of p-toluene 
sulfonic acid salt. As a result, cephedinyl compound expressed as 
the formula (2) was produced at 96% of yield. The 1H NMR of the 
obtained cephedinyl compound was identical to the Operational example 
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Operational examples 3-8: 

The same reaction as described in the Operational example 1 was 
performed except that the reaction solvent was modified, and the 
reaction time was adjusted according to the solvent. The reaction 
results are shown in Table 1. 



[Table 1] 



Operational 


Organic solvent 


Reaction 


Yield (%) 


example 




time (hr) 




3 


Chloroform 


1 


95 


4 


Benzene 


1 


94 


5 


Toluene 


1 


94 


6 


Xylene 


1 


92 


7 


Acetic acid ethyl 


4 


90 


8 


Acetic acid butyl 


4 


89 



Operational examples 9-12: 

The same reaction as described in the Operational example 1 was 
performed except that the perchloric acid ^density was modified, and 
reaction time was adjusted. The results are shown in Table 2* 



[Table 2] 



Operational 
example 


Perchloric acid 
concentration (%) 


Reaction 
time (hr) 


Yield (%) 


9 


45 


1 


96 


10 


30 


1 


95 


11 


20 


1.5 


92 


12 


10 


6 


87 
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Operational examples 13 - 16: 

The same reaction as described in the Operational example 1 was 
performed except that proton acid was changed to other acids. The 
results are shown in Table 3. 
[Table 3] 



Operational 
example 


Proton acid 


Yield (%) 


13 


Acetic acid 


95 


14 


Propionic acid 


93 


15 


2-ethylhexane acid 


86 . 


16 


Benzoic acid 


89 



Operational example 17: 

The same reaction as explained in the Operational example 1 was 
performed except that the compound (la) was replaced with the 
compound (lb f R 1 = trytyl group, R 2 = trytyl group, and R 3 = hydrogen 
atom) . As a result, cephedinyl compound expressed as the formula (2) 
was produced at 91% of yield. The 1H NMR of the obtained cephedinyl 
compound was identical to the Operational example 1. 
Operational example 18: 

The same reaction as explained in the Operational example 1 was 
performed except that the compound (la) was replaced with the 
compound (lc, R 1 = hydrogen atom, R 2 = trytyl group, and R 3 - p-methoxy 
benzyl group) . As a result, cephedinyl compound expressed as the 
formula (2) was produced at 92% of yield. The 1H NMR of the obtained 
cephedinyl compound was identical to the Operational example 1. 
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Operational example 19: 

The same reaction as explained in the Operational example 1 was 
performed except that the compound (la) was replaced with the 
compound (Id, R l = hydrogen atom, R 2 = trytyl group, and R 3 = di-phenyl 
methyl group) . As a result, cephedinyl compound expressed as the 
formula (2) was produced at 94% of yield. The 1H NMR of the obtained 
cephedinyl compound was identical to the Operational example 1. 
Operational example 20: 

The same reaction as explained in the Operational example 1 was 
performed except that the compound (la) was replaced with the 
compound (le, R 1 - trytyl group, R 2 = trytyl group, and R 3 = p-iuethoxy 
benzyl group) . As a result, cephedinyl compound expressed as the 
formula (2) was produced at 89% of yield. The 1H NMR of the obtained 
cephedinyl compound was identical to the Operational example 1. 
Operational example 21 : 

The same reaction as explained in the Operational example 1 was 
performed except that the compound (la) was replaced with the 
compound (If, R 1 = trytyl group, R 2 = trytyl group, and R 3 = diphenyl 
methyl group) . As a result, cephedinyl compound expressed as the 
formula (2) was produced at 91% of yield. The 1H NMR of the obtained 
cephedinyl compound was identical to the Operational example 1. 
[Industrial Benefits of this Invention) 

By combining organic proton acid for an amount necessary for 
hydrogen bonds and a small amount of perhalogenated acid so as to 



14 



skillfully manipulate hydrogen bonds provided by weak acid and de- 
protection provided by strong acid in an organic solvent, cephedinyl 
compound/ which is unstable in acid, can be produced at high yield 
and purity. Also, as this method uses a minimum amount of acid, the 
post processing is fairly simple, thereby being able to allow 
extremely easy industrial production of cephedinyl compound. 
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